Abstract. The animal husbandry sector has had a great increase in the last decades, mostly due to extensive population growth. One of the sectors that has registered an extensive growth is the zootechnical sector, which had to meet the constantly growing food requirements from human populations. Green fodder is one of the main and most healthy animal feeds, but has the disadvantage that it is not available all year long and it has to be preserved. In order to be able to ensure healthy and nourishing animal feed throughout the entire year it is necessary to find ways to preserve green fodder in order to maintain its quality and nutritional properties. One of the ways to preserve green fodders' properties is to process them and turn them into pellets. This operation helps maintain homogeneity and store fodder in better conditions. The fodder pelleting process is largely influenced by the physico-chemical properties of the feed and the binders or additives used. The paper presents the experimental researches conducted for pelleting green fodder (alfalfa, wheat and rapeseed stalks) aimed to be used as animal feed and bedding, with and without using additives (corn starch and sugar beet). Following the experiments, series of analyses were performed to assess their quality. The use of additives was found to have a beneficial effect on the main quality attributes of animal feed pellets: better aspect, length, improved nutritional quality (from 3965.56 to 3989.08 by adding sugar beet), improved durability (from 87.2 to 94.5 % by adding corn starch), etc. This study has demonstrated the existence of direct proportionality (influence) between the pelleting process, main raw materials and the additives used and the quality parameters of animal feed pellets.
Introduction
Extensive population growth has led to increased development of the zootechnical sector. One of the problems of this sector is seasonality of animal feed. Therefore, solutions were provided for ensuring good quality feed throughout the year. One of these solutions is to compact the animal feed, thus also providing the possibility to obtain recipes depending on the dietary of each animal.
Pellets are considered to be the optimum treatment in the case of compacted animal feed. Pelleting represents the process of compacting materials that were previously grinded to the desired sizes, by introducing them into special equipment and forcing them to pass through the cylindrical orifices of a plane or ring die. Pelleting biomass the bulk density increases from ≤ 100 kg·m -3 la ≈ 600 kg·m -3 [1] [2] [3] [4] .
Also, fodder compaction is beneficial because: the air between particles is eliminated and a protective outer surface is created, thus significantly reducing the problems caused by vitamin degrading due to oxygen, moisture, heat, light and fats becoming rancid [5;6] .
The fodder pelleting process is largely influenced by the physico-chemical properties of the feed and the binders or additives used. Fodder granulation also has a special influence. Generally, the finer the granulation of the fodder components, the easier the pelleting will be and the particles will be more strongly intertwined. However, a too fine grain size of the fodder prevents compaction. The components of the feed mixture also influence the pelleting process through their specific properties.
According to numerous research studies, such as [7] [8] [9] [10] [11] , the use of binders, additives or introduction of another type of biomass materials can cause an increase in the kinetic durability of the pellets obtained, reduction of power consumption during the pelleting process and series of changes in the energy value, ash content of pellets, etc.
The paper follows series of experiments and analyses conducted for obtaining animal feed in the form of pellets, for improving their quality and optimizing the production process.
Materials and methods
In order to conduct the study in the process of pelleting animal feed, a ring die pelleting machine was used. The pelleting machine has the productivity of 120 kg/h. In this equipment, the biomass material is introduced inside the feeding bunker, from where it will fall inside the press, where it is DOI: 10.22616/ERDev2019.18.N174 forced to pass through the cylindrical orifices of the die. Pellets are afterwards cut by a blade and evacuated through an outlet. All biomass material was grinded to the same size ( < 5 mm) and was dried to the same moisture value (13 %).
For the experiments of pelleting fodder we used series of raw materials in the form of agricultural biomass suitable to be used as animal feed, in combination with additives used for improving the quality of the products obtained. These materials and the proportions used are shown in Table 1 . Alfalfa 95 % Sugar beet 5 % After obtaining the 7 types of animal feed pellets ( Fig. 1 ), they were submitted to series of tests (analyses) of the components for determining important quality parameters and to assess the improvements brought by mixing the raw materials and by adding corn starch and sugar beet. c -rapeseed 100 %; d -wheat straws 50 % + rapeseed stalks 50 %; e -wheat straws 95 % + corn starch 5 %; f -alfalfa 95 % + corn starch 5 %; g -alfalfa 95 % + sugar beet 5 %
The first thing analysed was the overall aspect of pellets (pellets were visually analysed to determine the state of their surface, formation of dust, occurrence of cracks or pellet loosening after exiting the die orifice).
Other analyses in the pellets obtained were conducted using the equipment presented in Table 2 .
All samples for analysis were prepared according to the specifications in the standard ISO 14780:2016 standard -Solid biofuels: Sample preparation [12] . The moisture content Mc (%) was determined on a wet basis, according to the method described in the standard ISO 18134-1:2015 standard -Solid biofuels -Determination of moisture contentOven dry method -Part 1: Total moisture -Reference method [13] .
Energy content
The energy content of the pellet samples was determined using the calorimeter bomb, according to the specification found in the ISO 18125:2016 standard -Solid biofuels -Determination of calorific power [14] .
Phosphorus (P), Natrium (Na), Potassium (K), Iron (Fe), Magnesium (Mg) and Calcium (Ca) content
Phosphorus (P), natrium (Na), potassium (K) and calcium (Ca) content (%) was determined according to the method described in the standard SR EN ISO 16967:2015 -Solid biofuels. Determination of major elements -Al, Ca, Fe, Mg, P, K, Si, Na and Ti [15] . Principle:
The samples were digested in a closed vessel using reagents, temperature and pressure. The digestion was carried out directly on the pellet samples. Detection of the elements was done by inductively coupled plasma optical emission spectrometry (ICP-OES). Reagents:
• deionised water -containing negligible amounts of major elements (which do not contribute significantly to the analysis) [16] ; • nitric acid (HNO3), ≥ 65 % (w/w), ρ = 1.41 g·ml -1 ; • hydrogen peroxide (H2O2), 30 % (w/w), ρ = 1.11 g·ml -1 ; • hydrofluoric acid (HF), 40 % (w/w), ρ = 1.11 g·ml -1 ; • boric acid (H3BO3), 4 % (w/w).
Working technique: 500 mg of a ground and homogenized sample were mixed with 3.0 ml H2O2, 8.0 ml HNO3 and 1.0 ml HF in a closed digestion vessel. The reaction time of 5 min was kept before closing the vessel. The sample was heated according to the provision in the standard and afterwards was cooled to room temperature. HF was neutralized by adding 10 ml H3BO3. The sample was reheated, cooled down and transferred to a volumetric flask and deionised water was added to the appropriate level. The test portions obtained were analysed.
A blank test portion was prepared, using the same method as described above, but without the test portion.
For detection of P, NA, K, Fe, Mg and CA in the samples we used the ICP-OES method according to the standard SR EN ISO 11885:2009.
The content of each element in the samples for testing on dry basis (w i ) was calculated using the following formula:
where w i -concentration of the element in the test sample, mg·kg -1 ; c i -concentration of the element in the diluted test portion, mg·l -1 ; c 0 -concentration of the element in the blank test portion, mg·l -1 ; V -volume of the diluted test portion, ml; m -mass of the pellet sample for analysis used, g; M as -moisture content in the pellet sample for analysis, %.
Lipid content
The fat content of pellet samples was determined through the Soxhlet method, based on repeated extraction of lipids from the samples using petroleum ether, followed by solvent removal and weighing the fatty residue obtained.
Mechanical durability of pellets
The durability of pellets during handling, transport and storage was determined using a special pellet tester, according to the specifications given in the standard SR EN ISO 17831-1:2016 -Solid biofuels -Determination of mechanical durability of pellets and briquettes -Part 1: Pellets [17] .
Specific energy consumption per kilogram of pelletized fodder
The specific energy consumption for each sample was determined using a digital multimeter during the process of pelleting.
Results and discussion
Based on the methods previously mentioned, after the analysis conducted, the following results were obtained (Table 3 and figure) : It can be observed that the moisture content of the pellets registered the values ranging between 8.16 % and 8.3 % for the pellets obtained without using additives and between 7.68 % and 11.93 % for the pellets obtained using additives, indicating that additives are beneficial for decreasing moisture and keeping it under 10 %, the desired value for optimal storage and use. The exception comes from alfalfa pellets combined with sugar beet, which have moisture of 11.93 %, due to the fact that sugar beet has high water content.
The energy values registered increased for all samples using additives, especially for alfalfa samples combined with sugar beets, which registered the highest increase compared to alfalfa pellets, from 3885.78 to 3989.08 kcal·kg -1 .
Opposite to the results obtained in paper [2] , the use of starch caused the specific energy consumption to have a small increase, from 596 to 605 kJ·kg -1 for the pellets in the case of wheat samples, and from 596 to 601 kJ·kg -1 for the pellets in the case of alfalfa, explained by the fact that the starch absorbed the moisture in the material and it was harder for it to pass thorough the orifices, therefore requiring more energy. In the case of using sugar beet the opposite occurred, the material passed more easily through the orifices, therefore we registered a small decrease from 595 to 592 kJ·kg -1 .
As in paper [2] , the use of corn starch determined an increase in durability for both samples with more than 5 %. Sugar beet addition caused a decrease in durability (less than 2.5 %).
Fig. 2. Element content in samples analyzed
The analysis conducted for determining the component elements of the pellets obtained showed the benefits of adding corn starch and sugar beet to the composition of wheat and alfalfa pellets, increasing the content of calcium, phosphorus, potassium, natrium, iron and magnesium, indicating a high nutrient intake.
Conclusions
The visual analysis of the pellets has shown that by using additives in pelletizing recipes, products are obtained in a more regular form, with much less surface cracks, are better bound and shinier, indicating better storage attributes and manipulated. The exception is given by alfalfa + sugar beet pellets, which showed inferior surface qualities compared to alfalfa pellets and alfalfa + starch pellets.
The experimental researches showed that the use of additives had an overall beneficial effect on animal feed pellet recipes, mainly on their stability, storage characteristics and energy content, but also it gives a solution for ensuring quality animal feed made from green fodder throughout the entire year, thus overcoming the shortage of quality fodder in winter and spring periods. Therefore, this study has demonstrated the existence of direct proportionality (influence) between the pelleting process, main raw materials and the additives used, and the quality parameters of animal feed pellets. subprogramme 1.2 -Institutional performance -Projects for financing excellence in RDI, contract No. 16PFE.
